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SUMMARY 


Development  of  the  Large  Blast/Thermal  Simulator  requires  the 
investigation  of  certain  critical  components  to  determine  the  feasibility 
of  their  design  and  use  in  the  facility.  One  such  group  of  components 
is  the  driver  tube  and  devices  used  to  release  the  charge  pressure  from 
the  tube.  Blast  wave  simulation  is  accomplished  by  the  simultaneous 
rapid  release  of  pressure  from  a  number  of  these  tubes  mounted  with 
their  exit  nozzles  in  the  same  plane,  in  order  to  accurately  model  the 
wave  front  produced  in  a  nuclear  blast  the  pressure  release  must  be  on 
the  order  of  milliseconds.  Two  possible  methods  of  pressure  release 

considered  for  the  LB/TS  are  explosively  ruptured  diaphragms  and  fast 

/ 

acting  valves.  This  report  focuses  on  a  fast-acting  sliding-sleeve  type 
valve  which  has  two  distinct  advantages  over  a  diaphragm.  The  valve 
requires  much  less  turnaround  time  between  tests  as  opposed  to  a 
diaphragm  and  a  rapidly  closing  valve  can  be  used  to  better  tailor  the 
expansion  phase  of  the  blast  wave  for  better  blast  simulation. 

The  study  of  a  sliding  sleeve  valve  for  the  LB/TS  drew  heavily  on 
Sverdrup's  previous  experience  with  valves  of  a  similar  type  which  had 
been  successfully  fabricated  and  tested  for  other  impulse  facility 
applications.  These  valves  were  smaller  in  size  and  rated  for  lower 
pressure  than  the  valves  proposed  for  the  LB/TS.  The  bulk  of  this 
study  consisted  of  exploring  the  problems  involved  in  scaling  up  these 
pilot  HIRT  valves  to  the  size  required  for  LB/TS  use. 

The  feasibility  study  concentrated  on  determining  the  maximum  size 
and  pressure  for  which  a  valve  of  this  type  would  be  suitable  assuming 
that  ordinary  fabrication  methods  and  readily  available  hardware  would 
be  used.  The  study  revealed  that  sleeve  weight  was  a  critical  factor  in 
achieving  the  basic  requirement  of  an  opening  time  of  50  milliseconds  or 
less.  Diameters  in  the  range  of  40-50  inches  at  pressures  of  2000-3000 
psi  were  found  to  be  approximate  upper  limits  if  standard  hardware 
items  are  used  in  the  hydraulic  system.  An  important  part  of  the 
feasibility  study  was  the  identification  of  a  line  of  fast-acting,  high- 
flow,  hydraulic  valves  which  permit  the  required  movement  of  sleeves  in 
the  2000-lb.  range. 


The  conceptual  design  focused  on  one  valve  size  and  pressure 
combination.  A  36-inch  diameter  valve  rated  for  2500  psi  was  concep¬ 
tually  designed  and  a  series  of  drawings  was  produced  in  sufficient 
detail  to  determine  accurate  costs.  The  two  major  areas  of  study  in  the 
conceptual  design  were  hydraulic  system  and  seal  system  performance. 
A  hydraulic  system  was  designed  with  sufficient  flexibility  that  it  could 
accelerate  and  decelerate  the  sleeve  over  a  wide  range  of  sleeve 
weights,  friction  loads,  and  differential  pressure  effects.  The  sealing 
system  evaluation  revealed  some  problems  with  differential  contraction 
between  the  shell  and  sleeve,  and  problems  in  use  of  an  elastomeric 
compound  at  the  desired  operating  temperature  of  650°F.  These  prob¬ 
lems  could  best  be  resolved  in  a  prototype  development  program. 

A  prototype  development  program  is  described  in  Section  3  of  the 
report.  Hardware  items  required  and  areas  needing  experimental  study 
are  discussed.  Costs  for  such  a  program  as  weil  as  costs  for  a  proto¬ 
type  valve  and  production  valves  are  given  in  this  section. 

In  conclusion,  use  of  a  sliding  sleeve  valve,  of  the  type  studied, 
as  a  starting  device  for  the  LB/TS  appears  entirely  feasible  and  would 
provide  measurable  savings  in  time  and  the  ability  to  provide  wave 
shaping  which  would  not  be  possible  using  alternate  methods  such  as 
diaphragms. 
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SECTION  1 

FEASIBILITY  EVALUATION 


1.1  INTRODUCTION 

The  purpose  of  the  feasibility  evaluation,  the  first  phase  of  the 
study,  is  to  examine  two  sliding  sleeve  valve  sizes  at  various  pressures 
to  determine  which  valves,  meeting  the  operating  requirements,  may  be 
fabricated  using  conventional  materials  and  methods  and  readily  avail¬ 
able,  commercial  hardware.  The  critical  performance  characteristic  for 
all  valves  was  an  opening  time  of  50  msec  or  less.  The  specific  charge 
pressure  and  size  combinations  were  selected  to  give  valve  flow  areas 
equivalent  to  diaphragms  in  the  25"  to  40"  diameter  range.  They 
include  a  25"-I.D.  valve  at  charge  pressures  of  2000  psi  and  4000  psi 
and  a  40"-I.D.  valve  at  1500  psi  and  2500  psi.  Figures  1  and  2  show 
results  of  the  Study  for  two  valve  sizes  and  the  typical  arrangement  for 
all  valves. 

The  design  and  fabrication  details  of  the  sliding  sleeve  valves  for 
the  pilot  HIRT  project--smaller  scale  valves  (12"  dia.  and  16"  dia.) 
which  were  fabricated  and  tested  in  an  earlier  Sverdrup  development 
program--were  studied  initially  in  the  evaluation.  These  valves  were 
successfully  operated  hundreds  of  times  at  charge  pressures  up  to 
several  hundred  psi  and  are  good  beginning  models  for  the  larger  scale 
valves.  These  larger  valves  differ  from  the  pilot  HIRT  valves  in  that 
they  are  externally  rather  than  internally  pressurized.  This  arrange¬ 
ment  results  in  greater  mass  for  the  major  components  but  has  the 
distinct  advantage  of  eliminating  the  "self-closing"  effect  of  the  pres¬ 
sure  imbalance  on  the  sleeve  as  the  valve  begins  to  open.  This  effect 
was  noticed  in  the  pilot  HIRT  valves  especially  at  higher  charge  pres¬ 
sures  as  the  pressure  differential  was  approximately  proportional  to 
charge  pressure.  It  is  anticipated  that  there  will  be  a  beneficial 
"self-opening"  effect  present  in  the  externally  pressurized  design  but 
this  is  not  considered  in  sizing  the  actuating  system.  The  effect  must 
be  evaluated  in  sizing  the  deceleration  system,  however. 

The  pilot  HIRT  valves  are  now  located  at  the  University  of  Texas 
at  Arlington,  Aerospace  Laboratory.  A  trip  was  made  to  U.T.  to 
recover  copies  of  drawings  of  the  valves,  verify  hardware  components 
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Figure  2.  40" 0  Sliding  sleeve  valve,  2500  psi  charge  pressure. 
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in  use,  and  to  talk  to  U.T.  personnel  about  valve  operation  experience. 
The  12"-diameter  valve  is  currently  being  used  with  the  pilot  HIRT 
tunnel  under  the  direction  of  Aerospace  Engineering  Professor, 
Dr.  D.R.  Wilson.  Although  operational  experience  is  limited,  the 
sliding  sleeve  valve  has  operated  well  at  low  pressures  with  no  signifi¬ 
cant  maintenance  problems. 

The  following  is  an  explanation  of  valve  operation  and  the  function 
of  major  components  of  the  valve  as  shown  in  Figures  1  and  2. 

Shell 

The  shell  carries  the  majority  of  the  charge  pressure  load  when 
the  valve  is  closed.  In  this  application  the  shell  is  externally 
pressurized  and,  therefore,  buckling  of  the  shell  is  the  critical 
failure  mode,  resulting  in  shell  thicknesses  greater  than  required 
for  an  internally  pressurized  shell.  The  large  number  of  openings 
in  the  shell  reduces  its  strength  and,  in  order  to  minimize  the 
shell  thickness  required,  each  opening  is  reinforced  by  the  instal¬ 
lation  of  a  forged  steel  nozzle.  The  summation  of  the  cross- 
sectional  areas  of  all  openings  must  be  greater  than  the  flow  area 
of  the  valve  and,  therefore,  several  annular  bands  of  openings  are 
required.  By  comparing  Figures  1  and  2  it  can  be  seen  that  the 
number  of  these  annular  bands  increases  with  valve  diameter 
producing  longer  valves  for  the  larger  diameters.  The  inner 
surface  of  the  shell  will  be  machined  to  provide  a  good  seal  and 
smooth  sliding  surface  for  the  sleeve. 

Sleeve 

The  sleeve  consists  of  a  number  of  individual  rings  or  shoes  which 
carry  the  charge  pressure  load  from  the  openings  in  the  shell. 
Each  shoe  is  sealed  by  0- rings  at  raised  edges  on  each  end  of  the 
shoe.  These  raised  edges  are  the  surfaces  on  which  the  shoe 
slides  when  the  valve  is  opened.  All  the  shoes  are  connected  to  a 
cruciform  support  consisting  of  four  perpendicular  arms  con¬ 
structed  of  3/8"  plate.  The  cruciform  support  is,  in  turn,  con¬ 
nected  to  the  hydraulic  cylinder  or  actuator  which  rapidly  shifts 
the  sleeve  to  open  the  valve.  As  can  be  seen  in  the  upper  por¬ 
tion  of  Figure  1,  when  the  valve  is  closed,  each  shoe  seals  one 
annular  band  of  openings  around  the  shell.  The  lower  portion  of 
the  same  figure  shows  that  the  shoe  moves  into  the  area  between 
shell  openings  when  the  hydraulic  cylinder  is  pressurized  and  the 
valve  opens. 

Drive  System 

The  rapid  shifting  of  the  sleeve  is  essential  to  produce  the  desired 
valve  performance.  A  valve  opening  time  of  50  msec  required  an 
average  velocity  of  approximately  10  feet  per  second.  To  produce 
this  velocity,  a  high-pressure,  high-flow  rate  drive  system  must 
be  provided.  This  is  accomplished  with  a  single  hydraulic  cylinder 
as  shown  in  Figures  1  and  2  and  solenoid-actuated  valving  as 
shown  in  Figure  7.  Sleeve  weights  in  a  range  from  1000  lbs.  to 
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3700  lbs.  must  be  accelerated  by  this  system.  Sleeve  deceleration 
is  accomplished  by  flow  metering  through  the  blind  end  of  the 
cylinder  in  conjunction  with  four  shock  absorbers  shown  in 
Figures  1  and  2. 

In  studying  the  25"-I.D.  and  40"-I.D.  valves,  each  is  broken 
down  into  its  component  parts  and  each  part  is  evaluated  independently 
to  determine  the  effects  of  size  and  pressure  on  certain  critical  param¬ 
eters  such  as  weight  of  sleeve,  O.D.  of  shell,  flow  rate  to  cylinder, 
etc.  The  preliminary  sizing  of  each  component  is  discussed  in  the 
following  sections  and  potential  problem  areas  are  identified.  The 
supporting  calculations  for  these  sections  are  filed  in  the  Defense 
Nuclear  Agency  Technical  Library. 

1.2  SHELL  DESIGN 

Shell  design  consists  of  determining  opening  size  and  number, 
shell  length,  and  shell  thickness.  Opening  size  is  calculated  based  on 
the  assumption  that  sleeve  average  velocities  of  the  study  valves  will  be 
approximately  the  same  as  sleeve  average  velocities  of  the  pilot  HIRT 
valves.  The  velocity  obtained  in  the  HIRT  valves  was  10  feet  per 
second  and  this  velocity  was  assumed  for  the  sleeves  of  the  study 
valves.  Using  this  data  and  the  conservative  assumption  that  the  lead 
distance  of  the  shoe  (overlap  at  front  of  opening)  plus  opening  distance 
must  be  traversed  in  50  msec  led  to  an  opening  size  of  4-1/2"  diameter 
for  all  valves.  The  lead  distance  is  the  distance  the  sleeve  must  travel 
before  the  valve  starts  to  open  and  for  the  study  valves  it  is  set  at 
approximately  1-3/4".  The  number  of  openings  required  is  based  on 
data  from  the  pilot  HIRT  valves  showing  that  the  summation  of  the 
areas  of  all  openings  must  be  1.3  times  the  basic  cross-sectional  area  of 
the  valve  to  assure  full  flow.  This  requirement  puts  limitations  on  the 
diameter  of  valve  possible  with  this  design  since  the  perimeter  distance 
available  for  location  of  openings  increases  linearly  with  the  diameter 
while  the  number  of  openings  required  increases  with  the  square  of  the 
diameter.  For  large-diameter  valves  the  sliding  sleeve  length  (and, 
therefore,  the  weight)  may  become  unacceptably  large. 

The  standard  used  in  calculating  shell  thickness  and  opening 
strength  is  the  ASME  Boiler  Pressure  Vessel  Code,  Section  VIII, 
Division  2.  To  minimize  thickness  requirements  a  high-strength,  heat- 
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treated  steel  (ASTM  A-517  Gr.  F)  was  assumed  for  shell  fabrication. 
Figure  3  shows  the  relationship  of  shell  O.D.  to  charge  pressure  for 
the  basic  diameter  valves  studied.  As  can  be  seen  from  the  graph,  as 
valve  diameter  grows  larger,  shell  thickness  (and,  therefore,  O.D.) 
must  be  greater  for  a  given  charge  pressure.  The  rate  of  increase  in 
shell  thickness  for  increasing  charge  pressure  is  also  somewhat  greater 
for  the  larger  diameter  valves.  The  graph  consists  of  three  curves  for 
each  diameter  for  the  purpose  of  showing  the  efficiency  of  reinforcing 
the  shell  openings.  It  can  be  seen  that  with  nozzle  reinforcement,  as 
shown  in  Figures  1  and  2,  shell  O.D.  can  be  kept  close  to  that  re¬ 
quired  for  a  shell  with  no  openings.  Shell  O.D.  is  an  important  cri¬ 
terion  from  the  standpoint  of  fabrication  and  material  cost,  but  is 
equally  important  in  determining  the  size  of  the  driver  tube  into  which 
the  valve  must  be  inserted.  To  ensure  full  flow,  the  external  driver 
I.D.  was  sized  such  that  the  annular  cross-sectional  area  around  the 
valve  shell  was  at  least  1.5  times  the  area  of  the  shell  I.D.  cross- 
sectional  area. 

Based  on  the  study  of  shell  requirements  for  stress  it  is  concluded 
that  the  smaller  diameters  yield  more  efficient  designs,  but  there  should 
be  no  great  difficu'ty  in  fabrication  of  any  of  the  valve  sizes  studied 
here. 

1.3  SLIDING  SLEEVE  DESIGN 

The  design  of  the  sliding  sleeve  consists  of  determining  individual 
"shoe"  thickness  and  width  as  well  as  establishing  cruciform-type  plate 
support  requirements.  Refer  to  Figures  1  and  2  for  sliding  sleeve 
configuration. 

Since  a  critical  parameter  in  the  design  of  the  valve  is  the  mass  of 
the  sliding  sleeve,  the  same  high-strength,  heat-treated  steel  (ASTM 
A-517  Gr.  F)  assumed  for  the  shell  will  be  used.  Each  sleeve  shoe 
thickness  is  computed  by  assuming  that  the  tangential  bending  stress 
will  not  exceed  50%  of  the  yield  stress  nor  50%  of  the  elastic  buckling 
stress.  Yield  and  buckling  stress  levels  in  the  shoe  are  determined 
assuming  four  different  types  of  load-resisting  mechanisms:  ring  yield 
action,  ring  shrink  buckling,  arch  yield,  and  arch  buckling  between 
cruciform  supports.  The  controlling  mechanism  for  the  final  design  will 
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Figure  3.  Shell  O.D.  vs.  charge  pressure. 


be  a  combination  of  ring  yield  and  arch  yield  but  for  the  purposes  of 
the  feasibility  evaluation  each  mechanism  can  be  treated  separately. 
The  controlling  stresses  for  all  shoe  diameters  and  thicknesses  under 
study  here  are  developed  by  arch  yield  action.1  Although  arch  yield 
controls  for  the  shoe,  compressive  loads  on  the  cruciform-type  plate 
supports  are  very  low  for  this  case.  The  controlling  stress  in  the 
cruciform  plates  is  a  shear  stress  developed  when  the  valve  is  being 
opened.  A  plate  of  3/8"  thickness  was  conservatively  assumed  for  all 
valve  sizes. 

The  results  of  the  sleeve  sizing  calculations  may  be  seen  in 
Figure  4  showing  sleeve  weight  versus  charge  pressure.  This  graph 
illustrates  the  fact  that  as  valve  diameter  increases  for  a  given  charge 
pressure,  sleeve  weight  increases  rapidly.  The  rate  of  increase  in 
sleeve  weight  versus  charge  pressure  is  greater  for  the  larger  diam¬ 
eters  also.  This  is  illustrated  by  reference  to  Figures  1  and  2.  In 
comparing  the  figures  it  can  be  seen  that  five  shoes  or  rings  are 
required  for  the  25"-diameter  valve  while  eight  shoes  are  required  for 
the  40"-diameter  valve  causing  a  substantial  weight  increase.  The 
findings,  of  this  portion  of  the  study  are  consistent  with  those  of  the 
shell  design  and  indicate  that,  although  all  valve  sizes  studied  can  be 
fabricated,  based  on  stress,  the  smaller  diameters  produce  the  most 
efficient  valve  designs. 

1.4  HARDWARE  SELECTION 

As  shown  in  Figures  1  and  2,  a  single  double-acting  hydraulic 
cylinder  is  used  to  rapidly  drive  the  sleeve  into  the  open  position  and 
is  also  used  to  close  the  valve.  The  selection  of  this  cylinder  and  the 
control  circuit  valving  required  to  actuate  it  is  a  crucial  part  of 
determining  the  feasibility  of  sliding  sleeve  valves  of  this  type  and 
size.  Deceleration  of  the  sleeve  is  an  important  factor  as  well  since 
this  must  be  accomplished  in  a  short  distance  to  minimize  sleeve  length 
and  weight.  Hardware  items  were  selected  from  among  standard  compon 
ents  readily  available  from  a  number  of  manufacturers. 


see  Appendix 


vr 

•  *  *v«  b  A  *  r  ■  *.  i 


SLEEVE  WOT.  INCLUDES 
CONSTANT  WOT.  FOR 
CRUCIFORM  SUPPORTS 


•  STUDY  VALVES  (40"  0) 
■  STUDY  VALVES  (25"  0) 


28"  O.D.  SLEEVE 


40"  O.D.  SLEEVE 


The  hydraulic  cylinder  is  sized  based  on  the  requirement  for  a 
valve  opening  time  of  50  msec.  This  opening  time  requires  an 
acceleration  of  approximately  13  g's1  for  the  shell  opening  size 
(4i")  selected  and,  therefore,  the  cylinder  has  to  supply  a  force  equal 
to  13  times  the  sleeve  weight  plus  a  small  friction  force.  Figure  5 
shows  the  required  cylinder  area  as  a  function  of  sleeve  weight  for 
three  hydraulic  pressures.  Standard  cylinder  sizes  are  also  shown  to 
the  left  of  the  graph.  As  is  shown,  the  larger  sleeve  weights  require 
a  hydraulic  pressure  of  3000  psi  or  greater  to  maintain  a  reasonable 
cylinder  size. 

In  addition  to  the  force  requirement,  the  50-msec  opening  time 
limitation  requires  that  the  flow  of  hydraulic  fluid  to  the  cylinder 
commence  very  rapidly  and  that  the  flow  rate  be  quite  high.  Direct- 
acting  solenoid  valves  from  various  manufacturers  were  studied  for  the 
purpose  of  controlling  this  flow,  but  at  the  required  pressure  the 
number  of  small  orifice  valves  required  for  the  flow  rate  is  unreason¬ 
ably  high.  A  more  efficient  arrangement  is  the  use  of  solenoid  valves 
to  actuate  larger  cartridge-type  valves.  Cartridge  valves  have  opening 
times  comparable  to  those  for  solenoid  valves  (<25  msec)  and  c.an  pro¬ 
vide  flow  rates  sufficiently  high  such  that  only  one  or  two  are  needed 
for  each  end  of  the  cylinder.  Four  inlet  and  outlet  lines  are  required 
at  each  end  of  the  cylinder  to  provide  the  required  flow  and  to  line  up 
with  the  cylinder  cruciform  support  to  minimize  restriction  of  the  air 
flow  from  the  valve.  Figure  6  shows  the  relationship  of  sleeve  weight  to 
flow  rate  to  the  cylinder.  Shown  to  the  left  of  the  graph  are  desirable 
line  sizes  to  and  from  the  cylinder  and  required  cartridge  valve  sizes. 
Figure  7  shows  the  flow  control  schematic  indicating  the  function  of  the 
solenoids  and  cartridge  valves. 

Deceleration  of  the  sleeve  will  be  accomplished  by  a  combination  of 
flow  metering  through  the  hydraulic  cylinder  and  possibly  the  cartridge 
valve  in  addition  to  the  use  of  four  short-stroke  shock  absorbers 
mounted  as  shown  in  Figures  1  and  2. 

From  the  study  of  hardware  requirements  it  has  been  established 
that  adequate  standard  hardware  is  available  from  a  number  of 
manufacturers. 

1  see  Appendix 
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Figure  7.  Flow  control  schematic  for  cylinder. 


1.5  CONCLUSIONS 


In  summary,  sliding  sleeve  valves  with  size,  performance,  and 
pressure  rating  characteristics  of  the  type  studied  can  be  produced 
using  common  methods  of  fabrication,  materials,  and  hardware.  The 
degree  of  difficulty  in  producing  a  sliding  sleeve  valve  of  this  type 
increases  with  increasing  diameter.  Sleeve  weight  is  the  critical  limiting 
factor  and  sleeve  weights  over  2000  lbs  will  pose  difficulties.  Diameters 
in  the  range  of  40-50  inches  at  pressures  of  2000-3000  psi  appear  to  be 
approximate  upper  limits.  Sleeve  weights  for  larger  valves  would  be  on 
the  order  of  several  tons  and  would  require  exotic  hardware  to  accele¬ 
rate  and  decelerate  them  at  the  rates  required. 
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SECTION  2 

CONCEPTUAL  DESIGN 


2.1  INTRODUCTION 

In  the  conceptual  design  phase  the  work  of  the  feasibility  evalua¬ 
tion  is  extended  with  emphasis  on  the  design  of  a  valve  for  one  size 
and  pressure  combination.  The  selection  of  this  combination  is  based 
on  charge  pressure  optimization  studies  for  the  LB/TS  conducted  by 
DNA  and  the  results  of  the  feasibility  evaluation  portion  of  this  report. 
Three  valve  combinations  were  generated  by  the  LB/TS  studies.  In 
order  of  desirability  they  are:  50-inch  diameter  at  1500  psi,  40-inch 
diameter  at  1500  psi,  and  36-inch  diameter  at  3000  psi.  The  feasibility 
evaluation  showed  that  the  smaller  valve  sizes  at  lower  pressures  were 
easier  to  fabricate  and  offered  a  high  probability  of  success.  The 
conceptual  design  valve  size  will  be  the  basis  for  the  cost  studies  for 
the  prototype  valve  and  for  the  costs  of  the  production  valves.  In 
view  of  the  importance  of  providing  a  workable  valve  design  as  the 
model  for  estimating  costs,  the  smallest  valve  size,  36-inch  diameter,  is 
selected  for  conceptual  design.  To  further  ensure  a  successful  valve, 
a  somewhat  lower  design  charge  pressure  of  2500  psi  is  specified.  The 
36-inch  valve  size,  for  conceptual  purposes,  is  defined  as  a  nominal 
size.  The  actual  physical  diameter  of  the  valve  I.D.  will  be  that  which 
will  provide  a  flow  area  equivalent  to  a  clear  36-inch  diameter  opening 
after  all  blockages  such  as  cylinder,  supports,  shocks,  etc.,  are 
accounted  for. 

Features  for  study,  which  were  not  considered  in  the  feasibility 
evaluation,  include  seal  performance,  machining  tolerances,  dimensional 
changes  due  to  pressure,  friction  forces,  plating  requirements,  the 
effects  of  temperature,  and  details  of  the  cylinder  support  and  flange 
at  the  valve  outlet.  The  feasibility  phase  assumptions  for  details  of 
attachment  of  the  valve  to  driver  tube  proved  to  be  too  inefficient  at 
the  conceptual  design  valve  size  and  pressure.  A  conical  transition  is 
added  to  the  driver  tube  to  maintain  reasonable  flange  thicknesses. 
See  Section  2.2.  Differential  compression  of  the  shell  and  sleeve  due  to 
pressure  is  investigated  for  its  effect  on  seal  performance  in 


Section  2.4.  The  effects  of  a  design  temperature  of  650°F  have  been 
accounted  for  in  the  design  of  the  steel  portions  of  the  shell  and  sleeve 
in  both  the  feasibility  and  conceptual  phases.  In  the  design  of  an 
elastomeric  O-ring  seal,  temperatures  in  this  range  are  a  critical  factor. 
The  discussion  of  this  item  appears  in  Section  2.4. 

In  order  to  better  predict  the  performance  characteristics  of  the 
valve,  a  hydraulic  circuit  is  designed  in  detail  wit!'  sizing  of  all  major 
components  of  the  system.  The  design  is  based  on  the  type  of  system 
required  to  actuate  one  valve  (such  as  would  be  used  for  prototype 
testing)  but  the  techniques  used  could  be  scaled  up  to  operate  multiple 
valves.  Several  options  are  possible  for  the  circuit  but  the  one  chosen 
for  the  conceptual  design  is  a  balanced  accumulator  approach.  It  is 
discussed  in  detail  in  Section  2.5.  A  set  of  pressure  and  sleeve  posi¬ 
tion  diagrams  with  respect  to  time  is  also  presented  in  this  section. 

The  following  drawings  have  been  produced  and  are  referred  to 
throughout  the  conceptual  design  portion  of  the  report.  They  show 
details  of  the  valve  construction  as  well  as  a  prototype  test  set-up  and 
a  possible  LB/TS  arrangement  of  18  production  valves. 

Drawing  No.  Title 

9048-M-1  Test  Arrangement  and  Installation 

9048-M-2  Assembly  (Sheet  #1) 

9048-M-3  Assembly  (Sheet  #2) 

9048-M-4  Sleeve  Assembly 

2.2  SHELL  DESIGN 

The  conceptual  design  of  the  shell  is  an  extension  of  the  design 
work  done  in  the  feasibility  evaluation.  It  requires  material  selection,  a 
stress  analysis,  determination  of  opening  size  and  location,  and  estab¬ 
lishment  of  machining,  plating,  and  other  fabrication  detail  require¬ 
ments.  Guidelines  of  the  ASME  Boiler  and  Pressure  Vessel  Code, 
Section  VIII,  Division  2,  are  again  used  in  the  calculation  of  wall  and 
flange  thicknesses  and  in  establishing  welding  requirements. 


The  nominal  valve  size  under  consideration  is  36  inches  in  diam¬ 
eter.  The  definition  of  nominal  size  as  given  in  the  introduction 
(Section  2/1)  requires  a  free  flow  area  equivalent  to  a  clear  opening  of 
a  diameter  equal  to  the  nominal  size.  For  a  36-inch  diameter  this  area 
is  1018  square  inches.  In  order  to  achieve  this  area,  considering  the 
blocking  effects  of  the  hydraulic  cylinder,  shock  absorbers,  sleeve, 
etc.,  a  shell  of  approximately  48  inches  in  diameter  is  required.  The 
inlet  ports  around  the  shell  remained  4.5  inches  in  diameter  as  deter¬ 
mined  in  the  feasibility  evaluation  based  on  expected  drive  system 
performance.  A  total  opening  area  of  1.3  times  the  equivalent  flow  area 
of  1018  square  inches  is  the  basis  for  calculation  of  the  required  num¬ 
ber  of  openings.  The  total  of  85  openings  so  calculated  is  arranged  in 
5  bands  of  17  openings  each.  The  spacing  between  opening  bands 
along  the  shell  is  increased  from  previous  calculations  to  11.25  inches  to 
provide  additional  deceleration  distance.  The  deceleration  distance 
provided  in  the  feasibility  evaluation,  2  inches,  resulted  in  decelera¬ 
tions  of  41  g's  which  could  produce  warping  in  the  lightweight  sleeve. 
The  acceleration  and  deceleration  distances  are  made  approximately 
equal  to  better  balance  the  associated  sleeve  forces. 

Material  selection  is  unchanged  from  the  feasibility  phase,  the 
high-pressure  load  and  large  valve  diameter  requiring  a  high-strength, 
heat-treated  steel  (ASTM  A-517).  At  the  diameter  selected  and  the 
3.25-inch  thickness  calculated,  the  shell  can  be  fabricated  by  rolling, 
eliminating  expensive  forging  methods.  Forged  steel  reinforcing  rings 
of  the  same  material  will  be  used  at  the  ports  to  maintain  a  minimum 
wall  thickness. 

At  the  outlet  of  the  valve  the  original  intent  was  to  provide  a 
bolted  connection  from  the  valve  flange  to  an  adapter  flange  which 
would  in  turn  bolt  to  a  flange  at  the  end  of  the  driver  tube,  (see 
Figure  2).  The  thickness  required  for  the  adapter  flange  in  this 
arrangement  at  2500  psi  approaches  one  foot,  therefore,  in  order  to 
reduce  the  eccentricity  of  this  joint,  a  conical  section  is  added  to  the 
driver  tube.  A  bolted  flange  connection  was  evaluated  for  attachment 
of  the  valve  to  the  conical  driver  end  but,  again,  the  necessity  of 
allowing  sufficient  space  for  the  bolts  and  nuts  produces  an  eccentricity 
which  requires  a  very  thick  flange.  A  welded  connection  provides  the 


minimum  eccentricity  possible  and  will  be  used  at  the  valve-driver  tube 
intersection.  A  bolted  flange  connection  will  be  used  in  the  straight 
section  of  the  driver  tube  for  valve  attachment.  (See  Drawing  #M-3.) 


After  rough  fabrication  of  the  shell  including  the  completion  of  all 
welding  operations  and  final  heat  treating,  the  inside  or  bore  diameter 
of  the  shell  will  be  hard  chrome  plated  and  the  surface  will  be  machined 
to  a  16-micro-inch  finish.  This  technique  was  successfully  used  in  the 
fabrication  of  the  16-inch-diameter  pilot  HIRT  valves  and  is  recom¬ 
mended  for  dynamic  O-ring  seal  applications.  (See  seal  design. 
Section  2.4).  The  temperature  limit  for  the  chrome  plating  is  approxi¬ 
mately  500° F. 

The  cruciform  support  system  for  the  hydraulic  cylinder  must 
resist  the  loads  associated  with  acceleration  and  deceleration  of  the 
sleeve  as  well  as  dynamic  pressures  generated  when  the  valve  opens 
and  gravity  loads.  Cruciform  leg  thicknesses  should  be  minimized  to 
reduce  blocking  effects  but  mild  steel  (ASTM  A-36)  can  be  used  to 
provide  thicknesses  of  1.25  inches  or  less.  A  box  fabricated  from  plate 
is  used  at  the  intersection  point  of  the  cruciform  members  in  order  to 
transfer  the  moments  and  shears  from  member  to  member  and  yet  allow 
for  rod  passage  from  cylinder  to  sleeve.  Box  dimensions  are  based  on 
stress  requirements  and  the  dimensions  of  a  standard  cylinder  mounting 
plate.  The  attachment  of  the  cruciform  legs  at  the  shell  is  designed  as 
a  bolted  connection  accessible  from  the  exterior  of  the  valve  for  ease  of 
assembly  and  disassembly  for  sleeve  removal  and  seal  maintenance.  The 
method  of  attachment  would  also  permit  the  future  use  of  Belleville 
washers  if  desired  to  provide  additional  deceleration  distance.  The 
Belleville  washers  would  be  placed  on  the  bolts  securing  the  cruciform 
brackets  (between  the  bolt  head  and  bracket)  as  a  safeguard  against 
overstressing  the  cruciform  supports  on  deceleration  of  the  sleeve. 
They  would  allow  the  sleeve  to  travel  beyond  the  normal  decelerate 
distance  to  a  position  partially  blocking  the  next  line  of  ports  and 
would  therefore  be  used  at  the  early  portion  of  the  prototype  stage  of 
development  and  abandoned  for  final  design.  (See  Drawing  #M-2.) 

Sufficient  details  were  established  in  the  conceptual  design  that 
accurate  costs  can  be  determined. 
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2.3  SLIDING  SLEEVE  DESIGN 


Sliding,  sleeve  design  in  the  conceptual  stage  consists  of  more 
detailed  stress  analysis  of  the  major  components,  investigation  of  pres¬ 
sure  effects  on  sleeve  dimensions  for  the  purpose  of  determining  clear¬ 
ances,  groove  detailing,  and  finish  requirements.  O-ring  seals  are 
discussed  in  Section  2.4.  The  feasibility  evaluation  assumption  of  an 
individual  shoe  width  equal  to  7  inches  is  reduced  to  6  inches  to  pro¬ 
vide  a  greater  deceleration  distance  and  minimize  sleeve  weight  while 
keeping  sleeve  length  a  minimum.  The  lead  distance,  or  overlap,  of  the 
shoe  at  the  upstream  end  of  the  port  does  not  provide  sufficient  benefit 
(in  allowing  acceleration  in  advance  of  opening)  to  offset  the  weight 
penalty  caused  by  a  wider  shoe.  (See  Drawing  #M-4.) 

Stress  calculations  were  carried  out  in  much  the  same  way  as  the 
feasibility  evaluation  by  conservatively  assuming  that  arch  yield  action 
controls  for  stresses  in  the  shoe.  Corrections  for  shear  and  axial 
deformation  were  made  in  an  effort  to  provide  more  accuracy  in  the 
calculation.  A  total  shoe  thickness  of  1.65  inches  was  determined  by 
this  method  giving  a  sliding  sleeve  weight,  including  cruciform  and 
moving  parts  of  the  cylinder,  of  2450  pounds.  Allowable  stress  levels 
are  predicated  on  provision  of  a  safety  factor  of  two  against  yield  or 
buckling.  This  is  a  lower  safety  factor  than  that  provided  by  the 
ASME  Boiler-Pressure  Vessel  Code  which  is  used  for  the  design  of  the 
shell.  Justification  for  the  decrease  in  safety  factor  is  based  on  the 
consequences  of  a  ductile  sleeve  failure.  This  failure  would  result  in  a 
rapid  decompression  when  the  shoe  deflected  enough  to  break  the 
O-ring  seal.  This  is  not  a  catastrophic  failure  mode  such  as  would 
result  if  the  shell  were  to  buckle.  Of  course  it  is  advantageous  with 
respect  to  valve  opening  time  to  use  the  lowest  practical  safety  factor 
for  the  sleeve  to  minimize  weight.  (See  Drawing  #M-4.) 

The  most  serious  problem  which  results  from  the  use  of  different 
safety  factors  for  the  shell  and  sleeve  is  the  differential  compression 
that  results  under  pressure  loading.  The  pressure  loading  on  the 
relatively  thin  sleeve  causes  it  to  contract  a  greater  amount  than  re¬ 
sults  from  basically  the  same  pressure  loading  on  the  thicker  shell. 
This  differential  produces  clearances  in  excess  of  those  existing  in  the 
zero-pressure  case  and  makes  providing  a  seal  more  difficult.  The 
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clearance  increase  beyond  the  machined  original  clearance  is  expected  to 
be  on  the  order  of  0.011  inches,  based  on  the  safety  factors  currently 
being  used..  With  more  accurate  stress  analysis,  more  rigid  inspection 
and  testing,  and  more  confidence  in  the  design  pressure  (e.g.  redun¬ 
dant  pressure  relief  systems  are  provided,  etc.),  as  could  be  provided 
for  in  the  final  design,  safety  factors  for  the  shell  could  be  reduced  to 
permit  better  agreement  between  shell  and  sleeve  deformation.  See  seal 
design  (Section  2.4)  for  more  details  of  the  seal  investigation. 

The  dimensions  of  the  seal  groove  are  taken  from  the  design  for 
the  pilot  HIRT  valves  and  have  proved  successful  in  a  dynamic  applica¬ 
tion  similar  to  that  involved  here.  A  brass  overlay  will  be  applied  at 
contact  points  on  the  sleeve  identical  to  that  used  in  the  HIRT  valves 
to  minimize  scoring  of  the  hard  chrome  surface  of  the  bore.  Scoring 
must  be  minimized  to  maintain  seal  effectiveness. 

Cruciform  support  plates  are  designed  for  the  shear  load  that 
results  from  acceleration  and  deceleration  of  the  sleeve.  The  connection 
of  sleeve  and  cylinder  rod  is  designed  for  this  loading  condition  as 
well. 

The  conceptual  design  of  the  sleeve,  relying  heavily  on  the  suc¬ 
cessful  pilot  HIRT  sleeve,  allowed  better  definition  of  details  which  will 
result  in  simple  calculation  of  a  reliable  cost. 

2.4  SEAL  DESIGN  AND  TEMPERATURE  EFFECTS 

The  design  of  an  adequate  seal  for  the  sliding  sleeve  is  a  critical 
part  of  the  valve  design.  The  method  used  must  provide  a  static 
piston  seal  at  2500  psi  across  clearance  gaps  of  0.011  inches  or  more 
and  the  seal  must  be  able  to  rapidly  traverse  the  port  opening  without 
being  damaged.  It  must  resist  blowout  due  to  trapped  gases  during 
rapid  decompression  and  have  sufficient  durability  to  operate  for  many 
cycles  before  time-consuming  seal  replacement  is  required.  The  seal 
design  for  the  pilot  HIRT  valves  successfully  met  similar  criteria  at 
somewhat  lower  pressures  (1000  psi  max.).  For  this  reason  an  identical 
seal  design  will  be  used  in  this  application. 
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A  standard  O-ring  cross-section  (0.210  inch  diameter)  will  be 
installed  in  a  special  dovetail  groove.  The  space  remaining  in  the 
groove  wilj  be  completely  filled  with  a  flexible  sealant  to  avoid  any 
cavities  in  which  pressure  could  be  trapped.  Any  pressure  so  trapped 
would  cause  an  O-ring  blowout  when  it  crossed  the  upstream  edge  of 
the  port  opening  and  the  O-ring  would  be  cut  as  it  crossed  the  down¬ 
stream  edge. 

An  ordinary  O-ring  and  groove  design  can  seal  a  relatively  large 
gap  between  the  sleeve  and  bore  due  to  the  fact  that  the  O-ring  is 
compressed,  by  fluid  pressure,  in  its  groove  over  the  full  width  of  the 
ring.  This  allows  high  sealing  pressures  to  be  developed  at  the  sur¬ 
face  to  be  sealed.  In  the  design  of  the  seal  for  this  application  only 
the  small  portion  of  the  O-ring  above  the  groove  is  fully  effective  in 
deforming  to  produce  a  seal,  therefore  the  clearances  that  can  be 
successfully  sealed  by  this  method  are  much  smaller  than  those  for  a 
typical  O-ring.  Further  complicating  the  problem  is  the  fact  that  under 
pressure  the  sleeve  shoes  contract  more  than  the  shell  and  clearances 
increase  beyond  those  in  the  zero-pressure  condition.  The  sleeve  shoes 
are  designed  with  a  lower  factor  of  safety  and  are  therefore  less  stiff 
than  the  shell.  (See  sliding  sleeve  design.  Section  2.3).  Zero- 
pressure  clearances  must  be  provided  such  that  the  O-rings  will  be 
compressed  or  "squeezed"  as  much  as  possible  without  damage  in  the 
sliding  or  dynamic  condition  and  yet  have  sufficient  squeeze  in  the 
pressure-loaded  case  that  a  static  seal  can  be  provided.  Of  course  the 
zero-pressure  clearances  must  also  be  adequate  for  easy  movement  of 
the  sliding  sleeve.  The  fit  specified  on  the  conceptual  drawings  pro¬ 
vides  a  minimum  clearance  for  sliding  action.  This  fit  will  produce  a 
gap  that  can  be  readily  sealed  by  the  O-ring.  The  final  clearance  for 
use  in  the  production  valve  will  be  empirically  determined  during  devel¬ 
opment  of  the  prototype  valve  to  produce  the  best  seal  and  optimum 
clearance  for  sliding  of  the  sleeve. 

Selection  of  an  O-ring  compound  must  take  into  account  factors 
such  as  possible  reaction  with  the  fluid  to  be  sealed,  abrasion  resis¬ 
tance,  amount  of  "squeeze"  required  to  seal,  seal  permeability,  resis¬ 
tance  to  environmental  degradation,  permanent  set  characteristics,  and 
cost,  among  others.  A  pneumatic  seal  at  high  pressure  is  one  of  the 
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most  difficult  seals  to  produce  because  of  several  factors  including 
difficulty  in  lubrication,  excessive  oxygen  due  to  air  compression 
(which  causes  more  rapid  deterioration  of  the  seal),  permeability  (which 
produces  some  unavoidable  leakage),  and  rapid  decompression.  Rapid 
decompression  causes  serious  problems  in  permeable  compounds  because 
gases  trapped  within  the  material,  when  suddenly  released,  can  cause 
the  ring  to  blister  or  even  rupture.  The  pilot  HIRT  valves  utilized  two 
different  compounds  for  O-ring  seals,  a  nitrile  compound  (Buna  N®)  and 
neoprene.  The  nitrile  compound  will  be  specified  in  this  case  due  to  its 
high  abrasion  and  compression  set  resistance  as  well  as  its  superior 
ability  to  resist  rapid  decompression.  The  temperature  rating  for  this 
compound  in  prolonged  dynamic  service  is  300°F. 

The  friction  load  which  must  be  overcome  in  accelerating  the  sleeve 
is  affected  by  many  factors,  the  most  important  of  which  are  the  amount 
of  "squeeze,"  the  surface  finish  of  the  shell  bore,  the  durometer  rating 
of  the  elastomer,  and  the  speed  of  motion.  Friction  calculations  are 
conservatively  based  on  20-percent  squeeze.  The  amount  of  squeeze  at 
breakout  with  the  sleeve  under  pressure  will  be  considerably  less.  The 
surface  finish  of  16  micro-inches  on  the  bore  should  provide  sufficient 
smoothness  for  a  low-friction  load  yet  product*  small  cavities  in  the 
surface  where  lubricant  can  collect  and  further  reduce  the  friction. 
Silicone  lubricants  specifically  designed  for  O-ring  use  such  as  Parker 
"Super-O-Lube"®  will  be  used  to  reduce  friction.  It  is  a  long-lasting 
high-viscosity  oil  with  a  maximum  temperature  rating  of  400°F.  The 
durometer  rating  of  the  compound  will  necessarily  be  high  (80°)  in 
order  to  achieve  a  good  seal  and  maintain  abrasion  resistance.  This 
will  unfortunately  increase  the  friction  load.  The  velocity  of  the  sleeve 
will  approach  a  peak  of  18  feet  per  second  at  the  point  where  decelera¬ 
tion  begins,  however,  at  the  beginning  of  the  stroke,  velocities  will  be 
low  and  friction  loads  high.  The  total  sliding  friction  (conservatively 
assuming  full  pressure  acts  on  the  seal  throughout  the  stroke)  is 
calculated  to  be  under  4000  pounds.  The  static  or  breakout  friction  is 
expected  to  be  from  two  to  three  times  higher  than  sliding  friction. 
High  breakout  friction  is  helpful  in  achieving  the  desired  valve  opening 
time,  in  that  pressure  is  allowed  to  build  in  the  cylinder  before  the 
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sleeve  begins  to  move.  Once  sleeve  movement  begins  there  already 
exists  an  accelerating  force  two  to  three  times  higher  than  required  to 
overcome  sliding  friction. 

All  elastomeric  compounds  are  temperature  sensitive.  No  com¬ 
pound  currently  available  is  rated  for  the  specified  operating  tempera¬ 
ture  of  650°F  under  dynamic  service.  At  this  elevated  temperature  the 
volatile  components  of  most  elastomers  are  quickly  driven  off  (the  seal 
chars  and  becomes  brittle)  with  the  result  that  the  seal  loses  its 
effectiveness  and  its  resistance  to  abrasion.  Likewise  most  lubricants 
are  partially  vaporized  at  this  temperature  leaving  a  sticky  residue  that 
further  promotes  seal  failure.  The  compounds  which  provide  the  high¬ 
est  resistance  to  temperature  are  the  silicones.  They  are  rated  to 
450°F  for  continuous  service.  Unfortunately  the  silicone  compounds 
have  very  low  resistance  to  abrasion  and  tearing  and  therefore  have 
poor  service  life  in  dynamic  applications.  Fluorocarbon  compounds  are 
rated  at  400°F  and  are  suitable  for  dynamic  applications.  The  abrasion 
resistance  of  these  compounds  is  much  greater  than  that  of  silicone 
elastomers.  The  determination  of  the  highest  allowable  design  tempera¬ 
ture  which  will  permit  a  serviceable  seal  is  best  accomplished  empirically 
at  the  prototype  stage;  however,  without  testing,  it  can  be  stated  that 
a  maximum  operating  temperature  of  400°F  could  be  achieved  for  many 
cycles  of  dynamic  service  with  readily  available  compounds. 

Another  approach  to  providing  operating  temperatures  of  up  to 
650°F  is  to  isolate  the  seal  from  the  temperature  except  possibly  for  a 
brief  period  of  time  when  the  sliding  sleeve  valve  is  opened.  One  way 
this  could  be  accomplished  would  be  to  use  a  flow-through  heater,  such 
as  a  pebble  bed  type,  downstream  of  the  valve.  A  thermal  barrier 
could  also  be  used  as  illustrated  in  Figure  8.  The  barrier  would  act 
only  to  prevent  the  movement  of  hot  air  to  the  area  around  the  valve 
but  would  not  take  a  pressure  differential.  It  could  therefore  be  made 
very  thin.  Moments  before  the  sliding  sleeve  is  to  be  fired,  the  shield 
would  be  hydraulically  retracted  to  a  position  that  will  not  restrict  flow. 
The  limited  exposure  of  the  seal  to  the  high  temperature  flow  would 
allow  use  of  seal  material  such  as  nitrile  with  a  temperature  rating  of 
300°F.  The  use  of  cooling  water  coils  is  a  feature,  the  need  for  which, 
would  be  determined  by  a  heat  transfer  calculation  if  this  approach 
were  selected. 


In  conclusion,  the  use  of  an  elastomeric  O-ring  seal  presents  no 
major  problems  at  temperatures  up  to  400°F.  At  650°F  the  use  of  an 
elastomer  would  appear  unlikely  and  provisions  for  isolating  the  seal 
would  be  required.  Recent  studies  sponsored  by  DNA  have  shown  that 
the  use  of  valve  closing  for  wave  shaping  may  eliminate  the  need  for 
heating  the  driver  gas  and  the  attendant  high-temperature  problems. 

2.5  DRIVE  SYSTEM  DESIGN  AND  PERFORMANCE  CHARACTERISTICS 

The  conceptual  design  of  the  drive  system  involves  the  selection 
and  sizing  of  hydraulic  circuit  components  and  the  calculation  of 
approximate  valve  opening  time  and  related  performance  characteristics. 
In  the  feasibility  portion  of  the  report,  hardware  items  were  selected 
based  on  the  flow  rates  and  pressures  required  to  accelerate  various 
sleeve  weights  to  obtain  the  desired  valve  opening  time  of  50  milli¬ 
seconds.  In  the  conceptual  design,  efforts  are  concentrated  on  design 
of  a  complete  hydraulic  circuit  to  actuate  a  single  sleeve  weight  of 
2450  pounds. 

The  50-millisecond  opening  time  is  so  rapid  that  use  of  a  single 
pressure  compensating  pump  or  series  of  pumps  is  not  practical.  A 
charged  accumulator  system  is  used  in  the  hydraulic  circuit  to  supply 
the  sliding  sleeve  actuator.  The  circuit  is  shown  in  Figure  9.  (See 
also  Drawing  #M-1.)  It  consists  of  two  accumulators,  one  for  acceler¬ 
ation  of  the  sleeve,  labeled  "A",  and  one  for  sleeve  deceleration, 
labeled  "D",  along  with  associated  valving  and  pressure  reservoirs  to 
control  flow  direction  and  velocity.  A  list  of  hardware  items  is  shown 
in  Table  1.  The  circuit  schematic  is  shown  in  the  condition  required 
for  the  initiation  of  the  valve  actuator  cycle.  At  this  point  the  sliding 
sleeve  is  in  the  closed  position.  Accumulator  "A”  is  precharged  with 
nitrogen  (283  cubic  inches  at  3465  psia)  as  is  accumulator  "D" 

(378  cubic  inches  at  265  psia).  The  two  pressure  reservoirs,  6-1  and 
6-11  (400-cubic-inch  volume/reservoir),  are  precharged  with  nitrogen  to 
the  pressures  required  to  affect  the  desired  mid-stroke  pressure  adjust¬ 
ment  in  accumulators  "A"  and  "D".  The  pressure  reservoir,  6- III, 
used  for  controlled  closing  of  the  valve,  will  be  charged  to  a  suitable 
pressure. 


I 
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Table  1.  Hydraulic  circuit  components.  ! 

i 

1.  Hydraulic  cylinder  -  5-inch  diameter  bore,  11. 25-inch  stroke, 

2-1/2-inch  rod,  [4]  2-inch  ports  each  end 

Hydraulic  Series  N-7  or  equivalent 

2.  Main  valve  -  [2]  63mm  cartridge  valves  (Vickers  Series  CVC)  with 
manifold  and  pilot  valve  -  5000  psi 

3.  Acceleration  accumulator  -  600  cu.  in.  volume  (total)  4000  psi 

4.  Deceleration  accumulator  -  same  as  #3 

5.  Valve  -  2-way  pneumatic,  1  inch,  4000  psi  Marotta  Series  MV167  or 
equivalent,  [4]  required 

6.  Pressure  tank  -  400  cu.  in.  -  1-inch  connection,  3000  psi 

7.  Relief  valve  -  1  inch,  3000  psi 

8.  Silencer-Muffler  -  1  inch 

9.  Check  valve  -  1  inch,  3000  psi,  [2]  required 

10.  Manual  shut-off  valve  -  1  inch,  3000  psi,  [3]  required 

To  initiate  the  actuator  cycle,  the  valve,  "2",  is  shifted  to  the 
open  position  to  allow  flow  to  the  cylinder.  Calculations  indicate  that 
the  sliding  sleeve  will  reach  mid-stroke  (full  open)  within  the  required 
50  milliseconds.  At  this  point  the  valves  5-1  and  5-11  will  be  shifted  to 
the  open  position.  This  will  allow  flow  of  nitrogen  from  accumulator 
"A"  to  the  pressure  reservoir  6-1  to  reduce  the  accumulator  pressure  to 
approximately  2000  psi  and  flow  from  6-1  to  accumulator  "D"  to  increase 
the  accumulator  pressure  to  approximately  1100  psi.  This  will  affect  a 
force  reversal  on  the  cylinder  piston  and  provide  the  necessary  decele¬ 
ration  force  to  stop  the  sliding  sleeve  at  or  before  the  end  of  its 
stroke.  In  order  to  hydraulically  lock  the  sleeve  in  the  open  position, 
valve  ”2"  will  be  closed  at  the  end  of  the  sleeve  stroke. 

The  sliding  sleeve  can  be  moved  to  the  closed  position  in  either  of 
two  ways.  If  the  speed  of  closure  is  not  critical,  the  sleeve  can  be 
shifted  by  opening  valve  "2"  and  valve  5- IV  to  bleed  the  nitrogen 
pressure  in  accumulator  "A"  down  to  200-300  psi.  This  will  allow  the 
pressure  in  accumulator  ”D"  to  shift  the  sleeve.  If  the  speed  of 
closure  must  be  quite  rapid,  it  will  be  necessary  to  also  open 
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valve  5- III,  in  addition  to  the  steps  required  above,  in  order  to  in¬ 
crease  the  pressure  in  accumulator  "0".  It  may  be  necessary  to  add 
additional  control  circuitry  to  accumulator  "A"  to  provide  the  decel¬ 
eration  force  necessary  to  stop  the  sleeve  as  it  approaches  the  closed 
position. 

All  of  the  directional  control  valves  shown  in  the  circuit  are 
operated  by  pilot  pressure  controlled  by  solenoid  valves.  The  pilot 
circuitry  is  not  shown  but  will  be  required  in  the  final  design.  Linear 
hydraulic  dampers  will  also  be  used  to  provide  deceleration  forces  in 
the  last  six  inches  of  both  the  opening  and  closing  strokes  of  the 
sleeve.  Damper  forces  are  not  included  in  the  calculations  for  sleeve 
movement  but  will  not  affect  the  opening  time  of  the  valve. 

The  hydraulic  circuitry  shown  is  that  which  would  be  provided  for 
a  prototype  valve.  The  comparatively  complex  circuitry  will  be  needed 
for  testing  a  prototype  in  which  critical  parameters  of  the  system,  such 
as  friction  forces,  pressure  drops,  pressure  differentials,  etc.,  can 
only  be  estimated.  Empirically  derived  values  for  these  parameters  may 
permit  the  elimination  of  some  of  the  circuit  components.  It  is  possible 
that  the  valve  could  be  satisfactorily  operated  with  accumulator  "A"  and 
two  or  three  directional  valves  if  the  speed  of  valve  closure  is  not 
critical. 

The  calculation  of  performance  characteristics  is  illustrated 
graphically  in  Figures  10  through  13.  In  Figure  10,  the  change  in 
accumulator  pressures  with  respect  to  time  is  illustrated.  For  sim¬ 
plicity,  the  opening  times  for  the  valves  controlling  the  flow  is  assumed 
to  be  zero  and  the  time  required  for  pressure  adjustment  between  the 
accumulators  and  pressure  reservoirs  is  assumed  to  be  approximately 
four  milliseconds.  Although  difficult  to  see,  the  pressure  adjustment  at 
approximately  46  milliseconds  (or  the  point  at  which  the  sliding  sleeve 
is  full  open)  results  in  a  force  reversal  on  the  sleeve  at  50  milliseconds 
due  to  the  larger  piston  area  on  which  the  deceleration  accumulator 
pressure  acts. 

In  Figure  11,  sleeve  acceleration  with  respect  to  time  is  calculated 
based  on  the  accumulator  pressure  curves,  taking  into  account  pressure 
drop  in  the  circuitry  and  friction  load  from  the  O-ring  seals.  Pressure 
drop  is  assumed  to  vary  directly  with  velocity  and  friction  load  is 
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Figure  11.  Sleeve  ecceleration. 


’«  13.  Sleeve  position. 


assumed  to  be  constant  over  the  entire  stroke.  Just  as  there  is  a  force 
reversal  at  50  milliseconds  there  also  is  an  acceleration  reversal  at  this 
time.  Sleeve  velocity  in  Figure  12  is  directly  calculated  from  the 
acceleration  data  and  shows  a  peak  of  16  feet  per  second  when  the 
valve  is  fully  open.  Figure  13,  showing  sleeve  position  with  respect  to 
time,  is  based  on  the  velocity  curve  and  indicates  that  for  the  position 
at  which  the  sleeve  reaches  full  open  (5.25  inches)  the  time  is  approxi¬ 
mately  46  milliseconds.  For  the  initial  pressures  assumed,  the  valve 
will  open  within  the  required  50  milliseconds.  Figure  14  shows  the 
amount  of  port  area  exposed  as  a  function  of  time. 

2.6  CONCLUSIONS 

The  conceptual  design  considered  a  single  sliding  sleeve  valve  size 
(36-inch  diameter  at  2500  psi)  and  focused  on  two  critical  areas  of  valve 
performance- -the  drive  system  and  the  sealing  system. 

In  investigating  the  drive  system,  a  complete  hydraulic  actuator 
circuit  was  designed  and  calculations  of  the  expected  performance 
characteristics  of  the  valve  were  completed.  Results  of  the  calculations 
showed  that  the  valve  could  be  opened  in  less  than  50  milliseconds  and 
deceleration  could  be  accomplished  with  comparatively  moderate  loads  on 
the  sleeve  using  conventional  hardware. 

The  sealing  system  design  revealed  a  potential  problem  with  differ¬ 
ential  contraction  of  the  shell  versus  sleeve;  however,  a  satisfactory 
seal  can  be  accomplished  by  reducing  the  clearances  provided  in  the 
zero-pressure  case.  It  will  require  additional  calculations  and,  per¬ 
haps,  some  empirical  studies  to  determine  the  optimum  balance  between 
clearances  required  for  motion  of  the  sleeve  and  those  required  for  an 
effective  seal.  Another  possible  solution  to  the  problem  is  to  reduce 
the  safety  factor  for  shell  design  to  better  match  the  deflection  to  that 
of  the  sleeve. 

Seal  design  at  temperatures  of  400°F  or  below  can  be  easily  accom¬ 
plished  using  readily  available  elastomeric  compounds.  At  temperatures 
of  650°F  there  are  no  commonly  known  compounds  which  are  rated  for 
satisfactory  sustained  service  in  a  dynamic  application.  Some  com- 


a  function  of  time. 


«  T  4  w  y  *  -  '  -  ■  -  "  •  '  '  u  1  «  «  J  J  »  J  *  ^  -  ^ 


« 


pounds  are  rated  for  static  seals  approaching  this  temperature  and 
may,  on  the  basis  of  tests,  prove  to  be  adequate  for  low  cycle  life 
times. 

The  conceptual  design  revealed  no  significant  problems  with  produc¬ 
tion  of  a  valve  of  the  size  and  pressure  rating  desired  if  operating 
temperatures  do  not  exceed  400° F. 
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SECTION  3 

PROTOTYPE  VALVE  TEST  PROGRAM  AND  COSTS 


Several  sliding  sleeve  valves  (possibly  20  or  more)  will  be  required 
for  construction  of  the  LB/TS  facility.  For  this  reason,  preliminary 
testing  should  be  conducted  to  verify  expected  valve  performance 
characteristics  before  fabrication  of  the  production  valves.  At  the 
conclusion  of  final  design,  a  valve  development  program  should  be 
initiated  in  which  a  full-scale  prototype  will  be  constructed  and  tested. 

A  complete  test  program  for  the  valve  should  explore  valve  opening  time 
and  how  various  factors  such  as  charge  pressure  level,  hydraulic 
system  pressure  levels,  and  seal  friction  affect  the  opening  time.  Seal 
performance  as  related  to  compound  selection,  surface  finish  of  the 
shell,  temperature  effects,  and  other  parameters  should  be  evaluated. 

A  comprehensive  test  program  requires  several  hardware  items  in 
addition  to  the  prototype  valve  (see  Drawing  #M-1  for  layout  of  test 
set-up).  The  prototype  valve  itself  would  include  the  flanged  shell, 
sleeve,  and  hydraulic  system  including  only  the  hydraulic  cylinder, 
valving,  and  accumulators  and  pressure  reservoirs.  Additional  hard¬ 
ware  required  includes  a  length  of  charge  tube  designed  for  2500  psi. 
The  length  is  determined  by  calculating  the  time  required  for  the 
pressure  wave  generated  when  the  valve  opens  to  travel  the  length  of 
the  tube,  rebound,  and  return  to  the  valve  opening.  This  time  must 
be  sufficient  to  allow  the  valve  to  open  fully  before  the  pressure  wave 
reaches  the  valve  opening  in  order  to  accurately  model  charge  pressure 
effects  on  valve  opening  time  (see  Section  2.2  on  "self-closing  effect"). 
Also  required  is  equipment  to  charge  the  hydraulic  system  consisting  of 
nitrogen  storage  bottles,  a  nitrogen  booster  compressor,  and  a 
hydraulic  power  unit  to  fill  the  system  and  provide  low-speed  cycling  of 
the  sleeve.  An  air  compressor  is  also  required  to  operate  the  nitrogen 
booster.  Pressurizing  the  large  volume  of  the  charge  tube  (approxi¬ 
mately  500  cu.  ft.)  in  a  reasonable  length  of  time  requires  a  high- 
capacity  compressor.  It  is  proposed  that  a  reciprocating  air  compressor 
or  cryogenic  compressor  pumping  a  liquid  gas  be  rented  for  this  pur¬ 
pose.  Instrumentation  for  the  valve  will  be  relatively  simple.  In  order 
to  measure  the  speed  of  valve  opening,  a  linear  potentiometer  will  be 
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attached  to  the  hydraulic  cylinder  and  a  curve  of  sleeve  position  versus 
time  will  be  obtained.  This  curve  can  be  integrated  to  obtain  sleeve 
velocity  and  integrated  once  again  to  obtain  acceleration  curves.  A 
pressure  transducer  will  be  used  to  monitor  pressure  fluctuations  near 
the  valve  opening  to  correlate  their  effect  with  valve  opening  time. 
Additional  transducers  will  be  mounted  in  the  charge  tube  to  allow  the 
calculation  of  flow  rate  from  the  valve  in  order  to  determine  the  ideal 
ratio  of  port  area  to  effective  cross-sectional  area  of  the  valve.  This 
data  will  be  taken  at  various  charge  pressures  to  determine  the  effect 
of  pressure  level  on  this  ratio.  A  data  acquisition  system  capable  of 
recording  the  output  from  the  transducer  and  linear  potentiometer  at 
approximately  one-millisecond  intervals  will  be  required  as  well  as  a 
switching  system  which  will  operate  the  solenoids  of  the  hydraulic 
system  valves  and  control  the  data  acquisition  system.  Miscellaneous 
pressure  gages,  piping,  and  manual  valving  complete  the  hardware 
requirements. 

The  objectives  of  the  study  as  previously  stated  include  a  study  of 
valve  opening  time.  Calculated  valve  opening  time  is  within  the  50- 
millisecond-  maximum  requirement.  These  calculations  are  based  on 
assumed  seal  friction  values,  hydraulic  system  pressure  drops,  and 
differential  pressure  effects  on  the  sleeve.  A  series  of  tests  will  be 
conducted  in  which  actual  values  for  these  quantities  will  be  deter¬ 
mined.  The  hydraulic  system  designed  for  the  prototype  is  capable  of 
producing  a  wide  range  of  loading  on  the  sliding  sleeve  and  can  there¬ 
fore  produce  opening  times  less  than  the  maximum  for  a  variety  of 
friction,  pressure  drop,  and  differential  pressure  effects.  Adjustments 
will  be  made  to  the  hydraulic  system  and  dampers  with  the  goal  of 
reducing  acceleration  and  deceleration  loads  on  the  sleeve  to  a  minimum 
while  maintaining  the  required  50-millisecond  opening  time.  Charge 
pressure  values  versus  opening  time  will  be  studied  to  determine  what 
effect  (if  any)  the  charge  pressure  has  on  sleeve  movement. 

A  critical  area  of  valve  operation  is  seal  performance.  The  pre¬ 
sent  design  differs  from  the  design  of  the  successful  pilot  HIRT  valves 
not  only  in  size  and  pressure  rating  but  also  in  the  way  in  which 
pressure  is  carried  by  the  shell  (see  discussion  of  seal  design  in 


Section  2.4).  This  difference  in  shell  loading  causes  differential  con¬ 
traction  between  the  shell  and  the  sleeve.  The  resulting  space  must  be 
sealed  by  the  O-ring.  If  sleeve  fits  are  specified  as  the  standard  for  a 
sliding  fit,  the  clearance  that  results  under  pressure  will  be  difficult  to 
seal  with  the  O-ring  arrangement  used  in  the  pilot  HIRT  valves.  The 
prototype  valve  will  be  constructed  with  the  smallest  clearance  possible 
which  will  still  allow  a  sliding  fit.  The  valve  will  then  be  tested  and, 
if  friction  loads  are  too  high  to  achieve  the  desired  opening  time,  the 
sleeve  will  be  remachined  to  produce  an  optimum  balance  between  fric¬ 
tion  loads  and  the  ability  of  the  O-ring  to  produce  a  static  seal. 
Various  lubricants  will  be  tested  to  determine  which  produce  the  lowest 
friction  loads. 

Durability  of  the  seal  will  also  be  studied  during  prototype  test¬ 
ing.  Experience  with  the  pilot  HIRT  valves  have  shown  that  seal 
designs  of  this  type  can  withstand  the  loadings  developed  in  valve 
opening  at  pressures  up  to  1000  psi.  The  prototype  testing  will  con¬ 
firm  the  seal's  ability  to  perform  at  2500  psi.  The  effects  of  tempera¬ 
ture  on  the  seal  will  also  be  determined  at  the  prototype  stage.  A 
nitrile  compound  (BUNA-N®)  will  be  used  for  testing  in  the  200°-250°F 
range  and  silicone  compounds  will  be  used  at  higher  temperatures.  A 
goal  of  prototype  testing  will  be  to  determine  at  what  operating  temper¬ 
ature  available  seal  materials  can  provide  acceptable  durability. 

It  is  expected  during  testing  that  component  failures  will  occur  in 
trying  to  achieve  maximum  valve  performance.  For  this  reason  the 
costs  generated  for  the  test  program  include  the  following  additional 
costs  beyond  the  base  equipment. 

e  Fabrication  of  one  additional  sleeve 

e  Purchase  of  an  additional  hydraulic  drive  system  (including 
cruciform  supports  and  installation) 

e  Two  complete  remachinings  of  the  sleeve 

e  One  complete  remachining  of  the  bore 

e  Removal  of  valve  from  test  site  and  transportation  to  shop 
(four  times) 

e  Installation  of  sleeve,  seals,  and  cost  of  seal  materials 
(four  times) 
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In  addition  to  these  costs  a  complete  test  program  at  maximum 
operating  temperature  and  pressure  would  require  some  special  items 
which  are  not  included  in  the  estimate  prepared  herein.  When  testing 
at  2500  psi  with  a  30-ft.  length  of  charge  tube  attached,  the  thrust 
loads  developed  at  valve  opening  (  2  million  pounds)  require  a  special 
foundation  system.  Very  high  sound  levels  are  also  generated  which 
would  require  a  silencer  system  if  testing  were  done  in  a  populated 
area.  Finally,  if  precise  high-temperature  testing  were  performed,  a 
temperature  control  and  measurement  system  would  be  required.  These 
three  items--a  special  foundation,  silencer  system,  and  temperature 
control  system--are  not  included  in  the  estimate.  It  is  assumed  that  all 
the  hardware  provided  be  designed  for  2500-psi  testing  but  that  the 
fabricator  of  the  valve  only  provide  operational  tests  to  500  psi  at 
essentially  ambient  temperature  conditions.  Structural  "proof"  tests 
only  would  be  performed  at  2500  psi.  This  would  identify  any  basic 
problems  in  the  design  such  that  they  could  be  rectified  by  the  fabri¬ 
cator.  The  valve  with  ail  test  hardware  would  then  be  shipped  to  a 
site  of  DNA's  choosing  where,  presumably,  foundations  exist  that  would 
be  suitable  for  full-pressure  testing  and  are  isolated  to  the  point  that  a 
silencer  system  would  not  be  necessary.  The  following  tables  give  a 
cost  breakdown  as  noted  below: 


Table  2 


Table  3 


Table  4 


One  full-size  prototype  valve  -  includes  engineering  costs 
and  costs  of  a  hydraulic  system  which  includes  the  cylin¬ 
der,  accumulators,  reservoirs,  and  associated  valving.  The 
complete  valve  is  provided  up  to  the  driver  tube  transition 
piece  which  is  not  included. 

Test  set-up  costs  -  includes  engineering  and  laboratory 
labor  costs  and  costs  of  all  hardware  to  perform  tests  to 
500  psi  as  previously  described.  Includes  transition  piece, 
charge  tube,  and  other  items  shown  on  Drawing  #M-1 
including  one  full-size  prototype  valve. 

Production  valve  costs  -  includes  costs  for  20  production 
valves  with  hydraulic  system,  including  cylinder  accumula¬ 
tors,  reservoirs,  and  associated  valving.  The  complete 
valve  is  included  up  to  the  transition  piece  which  is  not 
included. 
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Table  2.  Prototype  valve  costs  (FY85  dollars). 

Activity 

Cost 

Engineering 

[includes  all  engineering  efforts  up  to  and 

$ 

53,250 

including  shop  drawing  preparation,  procure¬ 
ment,  and  delivery  of  valve] 

Vavle  Fabrication 

Labor 

Materials 

$ 

298,000 

122,000 

Subtotal 

$ 

420,000 

Total  w/o  Contingency 
20%  Contingency 

473,250 

94,650 

Total 

$_ 

567,900 

Table  3.  Test  set-up  costs, 
(includes  one  prototype  valve) 

Activity 

Cost 

Engineering  Prototype  Valve 

[includes  all  engineering  Development  Costs 

efforts  for  design  and 

$ 

67,750 

53,250 

procurement  of  a  prototype  Subtotal 

valve  and  all  laboratory 
costs  for  a  test  and  develop¬ 
ment  program  resulting  in  a 
final  valve  design] 

$ 

120,900 

Valve  Fabrication 

Labor 

Materials 

$ 

298,000 

122,000 

Subtotal 

$ 

420,000 

Test  Equipment 

Labor 

Materials 

$ 

200,600 

149,400 

Subtotal 

$ 

350,000 

Total  Cost  w/o  Contingency  $ 
20%  Contingency 

890,900 

178,200 

Si ,069, 100 


Total 


Table  4.  Production  valve  costs, 
(for  20  production  valves) 


Activity 

Engineering 

[includes  all  engineering  costs  up  to  and 
including  closing  out  the  fabrication 
contract] 

Valve  Fabrication 

Labor 

Materials 


Subtotal 

Total  w/o  Contingency 
10%  Contingency 

Total 


Cost 

$  18,900 


$5,364,000 

2,196,000 

$7,560,000 

7,578,900 

757,900 

$8,336,800 
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